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AERODYNAMIC CHARACTERISTICS OF THREE SLENDER SHARP-EDGE
74° SWEPT WINGS AT SUBSONIC, TRANSONIC, AND
SUPERSONIC MACH NUMBERS
By Edwin E. Davenport
Langley Research Center
SUMMARY
Slender sharp-edge wings having leading-edge sweep angles of 74° have been stud-
ied at Mach numbers from 0.60 to 2.80, at angles of attack from about -4° to 22°, and at
angles of sideslip from 0° tp 5 . The wings had delta, arrow, and diamond planforms.
The experimental tests were made in the Langley 8-foot transonic pressure tunnel and
the Langley Unitary Plan wind tunnel test section number 1. The theoretical predictions
were made using the theories of NASA TN D-3767 and NASA TN D-6243.
The results of the study indicated that the lift and drag characteristics as affected
by planform and Mach number could be reasonably well predicted for the delta wing in
the subsonic and transonic Mach number range. In the supersonic range, the delta and
diamond wings were about equally good in the degree of agreement between experiment
and theory. In making drag-due-to-lift predictions the vortex lift effects must be taken
into account if reasonable results are to be obtained at moderate or high lift coefficients.
INTRODUCTION
A continued interest in thin sharp-edge highly swept wings exists for application to
supersonic aircraft. It has long been recognized that such wings develop an additional
increment of lift which can be directly attributed to a vortex flow over the wing. A
method has been developed at the Langley Research Center of the National Aeronautics
and Space Administration for predicting this vortex lift. (See refs. 1 to 3.) This method,
involving a leading-edge suction analogy, has been applied to wings of various planforms
in both incompressible and supersonic flow. Application of this analogy to include the
effects of subsonic compressibility has been made in reference 4 for wings with arrow,
delta, and diamond planforms.
In reference 3 the suction analogy method was evaluated by comparison with exper-
imental results for a variety of planforms in incompressible flow and for a delta wing at
supersonic speeds. In general, the analogy was found to provide excellent predictions
of the vortex lift over the angle-of-attack range of usual interest, and boundries were
established to identify the limits of applicability for delta wings at low speed associated
with various types of vortex breakdown. It was also shown that the deviation from the
theory at high angles of attack was quite dependent on the wing planform variation.
The experimental and analytical investigation of reference 5 studied the three pre-
viously mentioned planforms for subsonic flow conditions. The purpose of this investi-
gation is to provide data for these same planforms at subsonic, transonic, and supersonic
speeds over a large angle-of-attack range in order to define more completely the limits •
of the theory and to establish longitudinal and lateral stability characteristics.
The experimental data were obtained in the Langley 8-foot transonic pressure
tunnel over a Mach number range of 0.60 to 1.20 and in the Langley Unitary Plan wind-
tunnel test section number 1 over a Mach number range of 1.60 to 2.80.
SYMBOLS
The results are presented with the longitudinal aerodynamic parameters referred
to the stability axes and the lateral aerodynamic parameters referred to the body axes.
The coefficients were based on the individual reference areas and chords of each wing.
The origin for these axes is the moment reference center which corresponded to the
50-percent point of the root chord of the 90° trailing-edge wing, and this origin was
held for all three wings referenced to the wing apex. (See fig. 1.) Values are given
in both SI Units and U.S. Customary Units. Conversion factors between SI Units and
U.S. Customary Units are presented in reference 6. The symbols used in the tabu-
lated data given in tables n to XXV are defined in a separate list preceding table II.
Symbols used in the text and in the figures are defined as follows:
A aspect ratio
b wing span
c mean aerodynamic chord of wing
, .,. . , Drag forcedrag coefficient, 2
qS
drag coefficient due to lift
effective dihedral parameter
CL lift coefficient, qb
._ . . . . . . . . . . . Pitching momentCm pitchmg-moment coefficient, — qSc
Cn/D directional-stability parameter
Cy., side-force parameter
Kp constant in potential-flow lift term
Kv constant in vortex lift term
L/D lift-drag ratio
M free-stream Mach number
q free-stream dynamic pressure
R Reynolds number
S reference wing area
a angle of attack, deg
/3 angle of sideslip, deg
Subscripts:
p potential-flow lift contribution
t total lift contribution
MODEL DESCRIPTION
The models were comprised of a 74° (approximate) swept leading-edge wing with
three interchangeable aft sections to yield delta, arrow (37° recessed trailing edge), and
diamond (35.15° extended trailing edge) shapes. The wings were thin flat-plate airfoils
with sharp beveled edges. A cylindrical fuselage was provided to house the balance.
Physical characteristics of the models are presented in figure 1 and table I, and a photo-
graph of model components is shown as figure 2.
TESTS, APPARATUS, AND CORRECTIONS
The experimental investigation was made in the Langley 8-foot transonic pressure
tunnel (8* TPT) and in the low Mach number test section of the Langley Unitary Plan
wind tunnel (UPWT #1). Complete descriptions of these facilities are given in refer-








1.68 x 106 to 1.86 x 106









Dewpoint temperatures were kept below the condensation point in both tunnels. The
models were tested through an angle-of-attack range of about -4° to 22°. All axial-force
data were corrected to a condition of free-stream static pressure acting at the base of
the model and balance cavity. Angle of attack has been corrected for sting and balance
deflections. Artificial transition was applied to all wings at approximately 1.016 centi-
meters (0.40 in.) streamwise from the leading edges. No. 60 grit was used as the tran-
sition material. Schlieren photographs were taken of the Langley Unitary Plan wind tun-
nel tests but not of the Langley 8-foot transonic pressure tunnel tests.
RESULTS AND DISCUSSION
In this discussion the 90° trailing-edge model, the 37° recessed trailing-edge
model, and the 35.15° extended trailing-edge model will be referred to as the delta
wing, the arrow wing, and the diamond wing, respectively.
Presentation of Data
The results of this investigation are presented, for the convenience of those wishing
to make comparisons with other theories or data, in tabular form in tables n to XXV and
in graphic form in figures 3 to 9. A summary of the graphic plots is presented as
follows:
Figure
Effect of Mach number on aerodynamic characteristics at /3 = 0° 3
Effect of planform on aerodynamic characteristics at j3 = 0° 4
Effect of planform on L/D 5
Typical schlieren photographs for the three planforms 6
Effect of Mach number on lateral stability derivatives . 7
Comparison of experimental and theoretical lift coefficients 8




The effects of Mach number on the basic longitudinal aerodynamic characteristics
for the three wings at zero sideslip are presented in figure 3. There is no pronounced
effect of Mach number on lift coefficient, CL, or on drag coefficient, CD, over the
Mach number range of 0.60 to 1.20. In the Mach number range from 1.60 to 2.80, there
is a decrease in CL and CD w^ increase of Mach number at a given angle of attack
for all three wings. The slope of the pitching-moment curves for all three wings
becomes more negative with increasing Mach number through the transonic range and
shows the typical decrease in stability in the supersonic range.
Change in planform as shown in figure 4 had essentially no effect on CL and CD
at a given Mach number over the Mach number range. The arrow-wing tests produced a
decreased slope of Cm with increased a, and this effect may be accounted for by the
reduction in planform area aft of the moment reference center (see fig. 1), whereas the
data for the diamond wing, with additional area aft of the moment reference center, show
an increased slope of Cm with increased a.
The effects of planform on lift-drag ratio, L/D, are presented in figure 5. There
is no significant effect of planform on L/D except in the vicinity of an angle of attack
of 5° to 7° at a Mach number of 0.98 and above. Typical schlieren photographs taken for
the three planforms at supersonic Mach numbers above 2.00 are presented in figure 6.
Lateral Aerodynamic Characteristics
The variation of lateral- stability derivatives C^, Cng, and Cyb with angle of
attack is shown in figure 7 for a sideslip increment of 5° at Mach 0.60 to 1.20 and 4° at
Mach 1.60 to 2.80.
In general, the wings exhibit positive effective dihedral parameter, C^o, through-
out the angle-of-attack range at all Mach numbers, although the level decreases with
Mach number.
The directional- stability parameter, Cng, takes a- stable break near a = 8° for
all three planforms in the lower Mach number range (M = 0.60 to 1.20) but tends to
remain fairly constant in the upper Mach number range (M = 1.60 to 2.80) for all three
planforms.
Comparison of Theory With Experiment
The theoretical values of CL for subsonic Mach numbers were obtained by the
leading-edge suction analogy method of references 1 and 4. An extension of this theory
as described in reference 3 was used to obtain corresponding values for the supersonic
Mach number range. The required potential-flow theoretical results were obtained with
the aid of reference 8.
Total theoretical lift coefficient is obtained from the following expression:
(CL\. = Kp sin a cos^a + Kv cos a sin2a
Values of Kp are to be found in the previously mentioned references. Values of
Kv for subsonic speeds were obtained from reference 4. At supersonic speeds Kv for
the delta wing was obtained by the method described in reference 3 and for the arrow and
diamond wings by the following relationships:




The relationships assume that the leading-edge suction force is independent of trailing-
edge sweep, and the empirical constant, Kv, need only be adjusted for differences in
area. Comparisons between theoretical and experimental values are shown in figure 8.
In the subsonic and transonic Mach number range (M = 0.60 to 1.20) the results
obtained with the delta wing showed the best agreement between experiment and theory.
Theory tended to overpredict total lift for the arrow wing and underpredict for the dia-
mond wing. The diamond wing exceeds theory at higher angles of attack, subsonically.
Supersonically (M = 1.60 to 2.80), the delta and diamond wings were about on a par as to
relative degree of agreement, with poorer agreement being obtained with the arrow
wing. In general, the delta and arrow wings exhibited better agreement subsonically
than super sonically. Mach number range had no appreciable effect on relative agree-
ment for the diamond wings. The poorer agreement obtained for the arrow wing and the
increased lift obtained at higher angles of attack for the diamond wing were noted in
reference 5, and possible explanations were offered by Polhamus in reference 3.
Comparison of theoretical and experimental values of drag due to lift, AC]y/CL2,
is made in figure 9. The condition of zero leading-edge suction, as shown in reference 3,
corresponds to —~- - ,n f, and these values are shown as solid curves. The short-
CL2 (CL)t
dashed curves represent ACJ)/CL , and this parameter corresponds to the condition of
potential lift only (CL^ = Kp sin a cos2m.
In general, the vortex lift effect must be accounted for in theory if reasonable
drag-due-to-lift predictions are to be made for this type of wing at moderate or high lift
coefficients.
The best agreement between theory and experiment was shown by the delta and
diamond wings at M = 1.20 and 1.60. Agreement between theoretical and experimental
data became progressively poorer with increase of Mach number for the arrow wing..
The experimental data for this wing at M = 2.00 matched the predicted potential lift
curve and at M = 2.80 exceeded it. Here again the cutout area at the trailing edge
prevents a buildup of vortex lift resulting in higher values of ACn/CL,2. Values of
1/VA, the value representing full leading-edge suction, are shown to give a relative
indication of the drag penalty associated with wings in separated flow. This penalty
is greatest for the arrow wing, whereas the delta and diamond wings are about equal
in drag decrement.
The linearized theory, as shown in reference 9, considers that the proper use of
camber will almost entirely overcome the unfavorable effect of loss of suction forces on
a thin airfoil. This investigation shows that at the higher lifts the vortex lift effects
compensate for a large part of the loss of leading-edge thrust and, therefore, the possible
benefits of camber and twist are not as great as predicted by linearized theory.
CONCLUDING REMARKS
On the basis of results of an experimental and analytical study of the subsonic,
transonic, and supersonic aerodynamic characteristics of slender sharp-edge wings
having a leading-edge sweep of 74° the following concluding remarks can be made:
1. The results of the study indicated that the lift and drag characteristics as
affected by planform and Mach number could be reasonably well predicted for the delta
wing in the subsonic and transonic Mach number range.
2. In the supersonic range, the delta and diamond wings were about equally good in
the degree of agreement between experiment and theory.
3. Theory tended to overpredict total lift for the arrow wing in the subsonic Mach
number range, and agreement with experimental values became poorer with increase in
Mach number.
4. In making drag-due-to-lift predictions the vortex lift effects must be taken into
account if reasonable results are to be obtained at moderate or high lift coefficients.
Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., May 29, 1974.
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LE, leading edge; TE, trailing edge
10
SYMBOLS USED IN TABLES H TO XXV
ALPHA angle of attack, deg
BETA angle of sideslip, deg
CA axial-force coefficient
CAB base axial-force coefficient (8' TPT)
CAC base axial-force coefficient (UPWT #1)
CA UNC axial-force coefficient uncorrected
CD drag coefficient
CDB - base drag coefficient (8' TPT)
CDC base drag coefficient (UPWT #1)
CD UNC drag coefficient uncorrected
CL lift coefficient
CLSQ lift coefficient squared
CLB rolling-moment coefficient, body axis (UPWT #1)
CLS rolling-moment coefficient, stability axis (UPWT #1)
CM pitching-moment coefficient
CN normal-force coefficient
CNB yawing-moment coefficient, body axis (UPWT #1)
CNS yawing-moment coefficient, stability axis (UPWT #1)
CPI base pressure coefficient
11
CROLL rolling-moment coefficient (8f TPT)
CSIDE side-force coefficient (8' TPT)
CY side-force coefficient (UPWT #1)
CYAW yawing-moment coefficient (8' TPT)
MINF free-stream Mach number
Q free-stream dynamic pressure
12
TABLE n.- DELTA WING; M = 0.60
























































. M I N F 0 B E T A A L P H A
.599 349.32 -.01 -4.00
.599 349.16 -.01 -2.27
.600 350.15 -.01 -.02
.600 350. J7 -.01 2.21
.601 351.07 -.01 4.52
.599 349.15 -.02 6.67
.600 350.2* -.02 9.27
.600 349.99 -.02 11.76
.600 3*9.66 -.02 14.26
.600 349.57 -.02 16.80
.59? 349.33 -.02 19.40
.60C 349.99 -.02 21.54













F I N F g B E T A A L P H A
.598 3*6.23 -5.02 -*. 26
.599 3*9.40 -5.03 -2.23
.60C 349.31 -5.04 .0*
.599 34B.82 -5.04 2.29
.599 34B.73 -5.03 4.59
.59E 3*8.32 -5.01 6.98
.599 348.48 -4.99 9.39
.598 347.65 -4.95 11.86
.599 348.6* -4.90 14.40
.598 348.49 -4.83 16.97
.596 34S.06 -4.74 19.55
.59£ 347. 9B -4.69 21.05
.599 348.90 -5.04 .03
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TABLE ffl.- DELTA WING;
(a) /3«0°
M = 0.80
BODY A X I S
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TABLE IV.- DELTA WING; M = 0.98
(a) /3*00
nnrw A v t c
























































K I N F 0 B E T A A L P H A
.980 349.91 -.01 -J.97
.980 349.91 -.01 -2.27
.980 349.91 -.01 -.02
.98C 349.91 -.01 2.22
.980 349.91 -.01 4.52
.979 349.71 -.02 6.88
.979 3*9.59 -.02 9.28
.979 349.59 -.02 11.73
.979 349.69 -.02 - 14.16
.979 349.66 -.02 16.60
.979 3*9.51 -.02 19.02
.979 349. 7't -.02 20.40
.98C 349.94 -.01 -.01
C A B C U b C P 1
.00424 .00423 -.180
.00407 .J0407 -.173











M I N F C S E T A A L P H A
.980 349.80 -?.03 -4.28
.980 349.85 -5.04 -2.23
.981 350.26 -5.04 .03
.982 350.53 -5.04 2.30
.982 350.57 -5.03 4.64
.981 350. U -5.01 7. 00
.979 349.47 -'.99 9.41
.978 349.46 -4.95 11.86
.979 349.88 -4.90 14.31
.979 349.42 -4.83 16.77
.980 350.09 -4.74 19.26
.980 349.94 -4.72 19.82
.980 349.80 -5.04 .03
C A B C L C C P 1






































































































































































































































































































































































TABLE V.- DELTA WING; M = 1.20
(a) /3 * 0°
BODY A X I S
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TABLE VI.- DELTA WING; M = 1.60
(a) /3=0°
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TABLE VII.- DELTA WING; M = 2.00
(a) /3=0°

































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE VIE.- DELTA WING; M = 2.36
(a) j3*0°
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TABLE DC.- DELTA WING; M = 2.80
(a) /3«0'~ no
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TABLE XIV.- ARROW WING;
(a) /3«0°
M= 1.60
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TABLE XV.- ARROW WING; M = 2.00
(a)
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TABLE XVI.- ARROW WING; M = 2.36
(a) 0*0 '~ rfl
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TABLE XVH.- ARROW WING; M = 2.80
(a) ,3*0C
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TABLE XVm.- DIAMOND WING; M = 0.60
(a) 0 « 0o









































































































U B E T A ALPHA
349.32 -.02 -3.U7
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TABLE XIX.- DIAMOND WING; M = 0.80
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TABLE XX.- DIAMOND WING; M = 0.98
(a) 13-



















































M I N f U a tTA A L P H A
.980 350.17 -.02 -3.B7
.980 350.21 -.02 -2.25
.980 350.20 ' -.02' .01
.98C 350.31 . -.J3 2.26
.980 350.25 -.03 4. oO
.979 350.03 -.04 6.57
.979 349.85 -.04 9.33
.980 350.26 -.04 11.81
.982 351.87 -.05 14.23
.981 35U . J5 -.05 16.63
.981 350.47 -.05 17.14
.981 350.47 -.02 .02
C O B C U B C P 1
.00079 .00079 -.040
. O C C 7 8 .OOC78 -.040
.OOC77 . O U 0 7 7 -.039
. O O C 7 8 .OU078 -.040
.00079 . U O C 7 8 -.040







M I N F U B E T A A L P H A
.978 349.13 -5.03 -4. C5
.981 350.09 -5.04 -2.27
.901 350.32 -5.U5 -.01
.981 350.32 -5.05 2.26
.980 349.85 -5.04 4.62
.979 349.73 -5.02 6.99
.979 349.73 -5.00 9.41
.981 350.26 -4.96 11.89
.978 349.33 .-4.91- 14.30
.979 349.85 -4.83 16.75
































































































































































































































































































































TABLE XXI.- DIAMOND WING; M = 1.20
(a) / 3=0 C
BODY A X I S S T A B I L I TY AXI S




















































K I N I - i ; [ J t T A A L P H A
1.111 349.97 -.02 -3.78
1.20C J5C.07 -.02 -2.20
1.200 350.02 -.03 . U3
1.200 35C.07 -.03 2.26
1.20C 33C.02 -.03 4.54
1.20C 350.03 -.04 6.84
1.200 35C.05 -.04 9.17
1.200 350.05 -.05 11.50
1.200 350.05 -.05 13.86
1.200 350.03 -.05 16. 19
1.200 . 350.00 -.05 18.25














»}tlL c B E T A A L P H A
.200 349.60 -5.03 -3.98
.200 349.62 -5.04 -2.23
.20C 349.52 -5.05 .01
.200 349.52 -5.05 2.24
.200 34S.47 -5.04 4.55
.200 349.60 -5.02 6.86
.200 349.50 -5.00 9.19
.191 349.35 -4.97 11.57
.197 349.15 -4.92 13.91
.194 346. B2 -4.85 16.28
.191 348.53 -4.80 17.98











































































































































































































































































































































TABLE XXH.- DIAMOND WING; M - 1.60
(a)
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TABLE XXIV.- DIAMOND WING; M = 2.36
(a) /3«0°
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TABLE XXV.- DIAMOND WING; M = 2.80
(a) ,3«00
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12 16 20 24
(a) Delta wing; M = 0.60, 0.80, 0.98, and 1.20.
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a.deg
12 16 20 24
(b) Delta wing; M = 1.60, 2.00, 2.36, and 2.80.
Figure 3.- Continued.
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(e) Diamond wing; M = 0.60, 0.80, 0.98, and 1.20.
Figure 3.- Continued.
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12 16 20 24
(f) Diamond wing; M =
Figure 3.-
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(a) M = 0..60.
Figure 4.- Effect of planform on aerodynamic characteristics at /3 = Oc
45
(b) M = 0.80.
Figure 4.- Continued.
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(d) M = 1.20.
Figure 4.- Continued.
48
il ty mini in niint
-8 24


























(g) M = 2.36.
Figure 4.- Continued.
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(a) M = 0.60.










(c) M = 0.98.
Figure 5.- Continued.
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(a) Delta wing; M = 0.60, 0.80, 0.98, and 1.20; A/3 = 5°.
Figure 7.- Effect of Mach number on lateral stability derivatives.
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.002










(c) Arrow wing; M = 0.60, 0.80, 0.98, and 1.20; A/3 = 5°.
Figure 7.- Continued. .
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TV/T 1 fiO 2 00 2.36, and 2.80; A/3 = 4(f) Diamond wing; M = 1.60, ^uu,
Figure 7.- Concluded.
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(a) Delta wing; M = 0.60, 0.80, 0.98, and 1.20.
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(c) Arrow wing; M = 0.60, 0.80, 0.98, and 1.20.
Figure 8.- Continued.
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(e) Diamond wing; M = 0.60, 0.80, 0.98, and 1.20.
Figure 8.- Continued.
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(a) M = 0.60 and 0.80.
Figure 9.- Comparison of theoretical and experimental drag-due-to-lift characteristics.
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(c) M = 1.60 and 2.00.
Figure 9.- Continued.
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